Experimental

General Experimental Details
All air/moisture sensitive reactions were carried out under an inert atmosphere (N 2 or Ar), using oven or flame-dried glassware. The solvents THF (from Na/benzophenone), PhMe (from sodium) and MeCN (from CaH 2 ) were distilled before use. All other solvents and reagents were used as received from standard chemical suppliers unless otherwise stated. TLC was performed on aluminium plates pre-coated with silica gel 60 with an F 254 indicator; visualised under UV light (254 nm) and/or by staining with KMnO 4 (10% aq). Flash column chromatography was performed with Merck Kieselgel 60 silica gel.
Fourier-transform infrared (FT-IR) spectra are reported in wavenumbers (cm -1 ) and were collected on a Nicolet 380 spectrometer fitted with a Diamond platform, as solids or neat liquids. 1 H NMR, 2 H and 13 C NMR spectra were recorded in CDCl 3 solutions (400 MHz, 76.8 MHz and 100 MHz respectively). Chemical shifts are reported in δ units using CHCl 3 and CDCl 3 as internal standards (δ 7.27 ppm 1 H, δ 77.0 ppm 13 C). Coupling constants (J) are reported in Hz and are rounded to the nearest 0.1 Hz. Matching coupling constants are corrected. For 13 C labeled compounds, only the signals corresponding to the labels are reported in the 13 C NMR data.
Melting points are uncorrected. High-resolution mass spectra (HRMS) were obtained using a MaXis (Bruker Daltonics, Bremen, Germany) mass spectrometer equipped with a Time of Flight (TOF) analyser. HRMS were recorded using positive ion electrospray ionization (ESI + ).
Microwave synthesis was performed in a sealed tube using a CEM discover microwave synthesizer. Flow synthesis was performed using a Vapourtec R4/R2+ system fitted with a stainless-steel reactor loop (internal diameter 1 mm, volume 10 mL) and a 5 mL sample loop.
For known compounds 9, 11-13 all spectroscopic and physical data are in agreement with those reported. 1,3-5,8
4-Hydroxy-2,3-dimethoxy-4-((trimethylsilyl)ethynyl)cyclobut-2-en-1-one (10)
To a solution of ethynyltrimethylsilane (262 mg, 2.67 mmol) in THF (3 mL) at -78 °C was added n-BuLi (1.44 mL of a 1.94 M solution in hexanes, 2.80 mmol) dropwise over 10 min. The solution was stirred at -78 °C for 30 min before being added dropwise to a stirring suspension of dimethyl squarate 9 (398 mg, 2.80 mmol) in THF (3 mL) at -78 °C. The resulting solution was stirred at -78 °C for 1 h before being quenched with saturated aqueous NH 4 Cl solution (5 mL) . The mixture was warmed to rt and then extracted with EtOAc (3 x 10 mL). The combined extracts were dried (Na 2 SO 4 ) before the solvent was removed in vacuo. Chromatography on silica gel (EtOAc:hexane 1:4) afforded the title compound 10 (589 mg, 2.45 mmol, 92%) as a colorless oil: 1 3 To a solution of cyclobutenone 10 (589 mg, 2.45 mmol) in THF (10 mL) at 0 °C was added TBAF (2.94 mL of a 1 M solution in THF, 2.94 mmol) dropwise over 5 min. The resulting red solution was stirred at 0 °C for 10 min before being quenched with saturated aqueous NH 4 Cl solution (5 mL).
4-Ethynyl-4-hydroxy-2,3-dimethoxycyclobut-2-en-1-one (11)
The mixture was extracted with EtOAc (3 x 10 mL) and the combined extracts were dried (Na 2 SO 4 ) before the solvent was removed in vacuo. Chromatography on silica gel (EtOAc:hexane 1:1) afforded the title compound 11 (346 mg, 2.06 mmol, 84%) as a colorless solid: mp = 70-73 °C (lit. 75.5-77 °C) 3 
2,3-Dimethoxycyclohexa-2,5-diene-1,4-dione (12) 3
Reflux: A solution of cyclobutenone 11 (203 mg, 1.21 mmol) in PhMe (12 mL) was purged with N 2 for 20 min before being heated under reflux for 2 h. After cooling to rt, the solvent was removed in vacuo and the residue purified by chromatography on silica gel (EtOAc:hexane 1:4) to afford the title compound 12 (114 mg, 0.68 mmol, 56%) as an orange solid.
Flow: A solution of cyclobutenone 11 (88 mg, 0.52 mmol) in dioxane (5 mL) was passed through a 10 mL reactor loop heated to 130 °C at a flow rate of 0.33 mL min -1 (t R = 30 min). The reaction solution was collected and the solvent removed in vacuo. Chromatography on silica gel (EtOAc:hexane 1:4) afforded the title compound 12 (54 mg, 0.32 mmol, 62%) as an orange solid.
Microwave: A solution of cyclobutenone 11 (54 mg, 0.32 mmol) in MeCN (3 mL) was heated under microwave irradiation in a sealed tube at 130 °C for 20 min. The solvent was removed in vacuo and the residue purified by chromatography on silica gel (EtOAc:hexane 1:4) to afford the title compound 12 (39 mg, 0.23 mmol, 72%) as an orange solid: mp = 59-60 °C (lit. 65-67 °C) 4 5 Following a modified procedure from Mazzini et al.; 6 To a solution of quinone 12 (295 mg, 1.76 mmol) in MeOH-H 2 O (18 mL, 5:1) at 0 °C was added NaBH 4 (80 mg, 2.11 mmol) in one portion. The mixture was stirred at 0 °C for 5 min before being diluted with H 2 O (5 mL) and slowly acidified with 2 M HCl (5 mL).
1,2,3,4-Tetramethoxybenzene (13)
The mixture was extracted with EtOAc (3 x 10 mL) and the combined extracts dried (Na 2 SO 4 ) before the solvent was removed in vacuo. Following a modified procedure from Peña-Cabrera; 7 The crude hydroquinone was immediately redissolved in DMSO (15 mL) and treated with ground KOH (789 mg, 14.1 mmol) and MeI (0.26 mL, 4.22 mmol). After stirring at rt for 2 h, the mixture was diluted with H 2 O (10 mL) and extracted with Et 2 O (3 x 15 mL). The combined extracts were dried (Na 2 SO 4 ) before being filtered through a plug of silica, washing with Et 2 O (3 x 30 mL). The filtrates were combined and the solvent removed in vacuo to afford the title compound 13 (242 mg, 1.22 mmol, 69%) as a colorless solid: mp = 83-84 °C (lit. 86-89 °C) 8 
3-Isopropoxy-4-methoxycyclobut-3-ene-1,2-dione (14)
To a suspension of NaH (92 mg of a 60% dispersion in mineral oil, 2.30 mmol) in THF (5 mL) was added i-PrOH (0.16 mL, 2.09 mmol). The mixture was stirred at rt for 20 min before a solution of dimethyl squarate (9, 297 mg, 2.09 mmol) in THF (5 mL) was added dropwise. The resulting solution was stirred at rt for 10 min before being quenched with saturated aqueous NH 4 Cl solution (5 mL). The mixture was extracted with EtOAc (3 x 10 mL) and the combined extracts dried (Na 2 SO 4 ) before the solvent was removed in vacuo. Chromatography on silica gel (EtOAc:hexane 1:4) afforded the title compound 14 (215 mg, 1.26 mmol, 60%) as a colorless solid: mp = 45-47 °C; 1 
4-Hydroxy-2-isopropoxy-3-methoxy-4-(2,3,4,5-tetramethoxyphenyl)cyclobut-2-en-1-one (15a) and 4-hydroxy-3-isopropoxy-2-methoxy-4-(2,3,4,5tetramethoxyphenyl)cyclobut-2-en-1-one (15b)
To a solution of 1,2,3,4-Tetramethoxybenzene 13 (177 mg, 0.89 mmol) and TMEDA (0.15 mL, 0.98 mmol) in THF (3 mL) at -78 °C was added n-BuLi (0.51 mL of a 1.93 M solution in hexanes, 0.98 mmol) dropwise. The resulting solution was warmed to 0 °C and stirred for 45 min before being added dropwise to a stirring suspension of squarate 14 (167 mg, 0.98 mmol) in THF (3 mL) at -78 °C. The mixture was stirred at -78 °C for 1.5 h before being quenched with H 2 O (5 mL). The mixture was warmed to rt and then extracted with EtOAc (3 x 10 mL). The combined extracts were dried (Na 2 SO 4 ) before the solvent was removed in vacuo. Chromatography on silica gel (EtOAc:hexane 3:7) afforded an inseparable mixture of regioisomers 15a and 15b (1:1, 250 mg, 0.68 mmol, 76%) as a colorless oil: Data for mixture of isomers: 1 
2-Isopropoxy-1,3,4,5,6,7,8-heptamethoxynaphthalene (16)
A solution of cyclobutenones 15a and 15b (250 mg, 0.68 mmol) in MeCN (3.5 mL) was purged with N 2 for 10 min before being heated under microwave irradiation in a sealed tube at 135 °C for 4 h. The solvent was removed in vacuo and the crude residue immediately re-dissolved in acetone (10 mL). To the resulting solution were added K 2 CO 3 (469 mg, 3.40 mmol) and Me 2 SO 4 (0.32 mL, 3.40 mmol) and the mixture was heated under reflux for 42 h. After cooling to rt, the mixture was filtered and the solvent removed in vacuo. Chromatography on silica gel (EtOAc:hexane 1:19 to 3:7) afforded the title compound 16 (133 mg, 0.34 mmol, 50%) as a colorless solid: mp = 68-69 °C; 1 
3,4-Bis(methoxy-d 3 )cyclobut-3-ene-1,2-dione (17)
A solution of squaric acid (8, 2.01 g, 17.6 mmol) and Et 3 N (4.91 mL, 35.2 mmol) in EtOH (120 mL) was added dropwise to a solution of AgNO 3 (6.14 g, 36.1 mmol) in EtOH-MeCN (132 mL, 10:1) at 0 °C. The resulting suspension was stirred in the dark at rt for 2 h. The precipitate was collected by filtration, washed with ice-cold EtOH (2 x 40 mL) and petroleum ether (2 x 40 mL), and dried in vacuo affording the di-silver salt (5.69 g, 17.4 mmol, 99%) as an off-white solid. The disilver salt (2.57 g, 7.84 mmol) was re-suspended in Et 2 O (30 mL) and CD 3 I (1.47 mL, 23.7 mmol) was added. The resulting mixture was heated under reflux for 24 h. After cooling to rt, the mixture was filtered through a plug of silica, washing with EtOAc (3 x 50 mL). The filtrates were combined and the solvent removed in vacuo. Chromatography on silica gel (EtOAc:hexane 3:7) afforded the title compound 17 (1.03 g, 6.96 mmol, 89%) as a colorless solid: mp = 51-52 °C; 2 
4-Hydroxy-2,3-bis(methoxy-d 3 )-4-((trimethylsilyl)ethynyl)cyclobut-2-en-1-one-9,10-13 C 2 (18)
To a solution of ethynyltrimethylsilane-13 C 2 (445 mg, 4.44 mmol) in THF (5 mL) at -78 °C was added n-BuLi (2.42 mL of a 1.93 M solution in hexanes, 4.66 mmol) dropwise over 10 min. The solution was stirred at -78 °C for 1 h before being added dropwise to a stirring suspension of squarate 17 (690 mg, 4.66 mmol) in THF (5 mL) at -78 °C. The resulting solution was stirred at -78 °C for 1 h before being quenched with saturated aqueous NH 4 Cl solution (10 mL). The mixture was warmed to rt and then extracted with EtOAc (3 x 15 mL). The combined extracts were dried (Na 2 SO 4 ) before the solvent was removed in vacuo. Chromatography on silica gel (EtOAc:hexane 1:4) afforded the title compound 18 (1.06 g, 4.27 mmol, 96%) as a colorless oil: 1 
4-Ethynyl-4-hydroxy-2,3-bis(methoxy-d 3 )cyclobut-2-en-1-one-9,10-13 C 2 (19)
To a solution of cyclobutenone 18 ( 
3-(Methoxy-d 3 )-4-((propan-2-yl-d 7 )oxy)cyclobut-3-ene-1,2-dione (22)
To a suspension of NaH (250 mg of a 60% dispersion in mineral oil, 6.26 mmol) in THF (10 mL) was added i-PrOH-d 8 (0.44 mL, 5.69 mmol). The mixture was stirred at rt for 20 min before a solution of squarate 17 (842 mg, 5.69 mmol) in THF (10 mL) was added dropwise. The resulting solution was stirred at rt for 10 min before being quenched with saturated aqueous NH 4 Cl solution (20 mL). The mixture was extracted with EtOAc (3 x 30 mL) and the combined extracts dried (Na 2 SO 4 ) before the solvent was removed in vacuo. Chromatography on silica gel To a solution of 1,2,3,4-Tetrakis(methoxy-d 3 )benzene-5,6-13 C 2 21 (685 mg, 3.23 mmol) and TMEDA (0.53 mL, 3.55 mmol) in THF (10 mL) at -78 °C was added n-BuLi (1.55 mL of a 2.30 M solution in hexanes, 3.55 mmol) dropwise. The resulting solution was warmed to 0 °C and stirred for 45 min before being added dropwise to a stirring suspension of squarate 22 (611 mg, 3.39 mmol) in THF (10 mL) at -78 °C. The mixture was stirred at -78 °C for 1.5 h before being quenched with H 2 O (10 mL). The mixture was warmed to rt and then extracted with EtOAc (3 x 20 mL). The combined extracts were dried (Na 2 SO 4 ) before the solvent was removed in vacuo. Chromatography on silica gel (EtOAc:hexane 3:7) afforded an inseparable mixture of regioisomers 23a and 23b (1.08 g, 2.75 mmol, 85%) as a colorless oil: Data for mixture of isomers: 1 2.16 1,2,3,4,5,6,8-Heptakis(methoxy-d 3 )-7-((propan-2-yl-d 7 ) oxy)naphthalene-4a,8a-13 C 2 (24) A solution of cyclobutenones 23a and 23b (474 mg, 1.21 mmol) in MeCN (3.5 mL) was purged with N 2 for 15 min before being heated under microwave irradiation in a sealed tube at 135 °C for 4 h. The solvent was removed in vacuo and the crude residue immediately re-dissolved in acetone (20 mL). To the resulting solution were added K 2 CO 3 (836 mg, 6.05 mmol) and Me 2 SO 4 -d 6 (0.57 mL, 6.05 mmol) and the mixture was heated under reflux for 42 h. After cooling to rt, the mixture was filtered and the solvent removed in vacuo. Chromatography on silica gel (EtOAc:hexane 1:9) afforded the title compound 24 (242 mg, 0.57 mmol, 47%) as a colorless solid: mp = 66-67 °C; 2 -4-(2,3,4,5-tetramethoxyphenyl) 
1 H (400 MHz; CDCl 3 ) and 13 C (100 MHz; CDCl 3 ) NMR spectra for 4-hydroxy-2,3dimethoxy-4-((trimethylsilyl)ethynyl)cyclobut-2-en-1-one (10)
1 H (400 MHz; CDCl 3 ) and 13 C (100 MHz; CDCl 3 ) NMR spectra for a 1:1 mixture of 4-Hydroxy-2-isopropoxy-3-methoxy-4-(2,3,4,5-tetramethoxyphenyl)cyclobut-2-en-1-one (15a) and 4-hydroxy-3-isopropoxy-2-methoxy
